Mobile telecommunication services incorrectly branded '4G' are now widely available. By contrast future mobile technology, dubbed 5G, has already received coverage in the mainstream press, but does not yet exist. This article will summarise the 'state of play' in 5G by reviewing the requirements that are driving its development, the performance targets it is aiming for and the technologies being explored to achieve these. It will also examine the major collaboration initiatives that have been created to progress development towards universally accepted standards. Finally, it will look at what 5G services are expected to offer from the users' perspective.
Introduction
Most users of mobile phones in Australia probably know that the latest and greatest mobile technology is '4G'. They might even have heard of the next evolution of mobile technology '5G' which has already made headlines in the mainstream press, even though it is some years from becoming a reality.
So where does the marketing hype around 5G end and the technical reality begin? This article will attempt to answer several questions about 5G: Why do we need it? What technologies will it embody? How will it be developed? What user benefits will it bring?
Why we need 5G
There is almost universal agreement amongst vendors and carriers that mobile technologies beyond 4G/LTE-A will be needed, and needed soon. The mobile industry has been a victim of its own success. The multimegabit mobile data bandwidths that have been available since the introduction of high speed packet access (HSPA), coupled with increasing functionality in smartphones and tablets, have fuelled growth in demand for speed and capacity in mobile networks that shows no signs of abating.
Nokia Siemens Networks (now Nokia Solutions & Networks, NSN) in 2011 produced a white paper '2020: Beyond 4G Radio Evolution for the Gigabit Experience' (NSN 2011) . There was no mention in it of 5G, but it said: 'Extrapolations of current growth trends predict that networks need to be prepared to support up to a thousand-fold increase in total mobile AUSTRALIAN It suggested that this would be achieved by increasing the number of base stations ten-fold, increasing spectral efficiency ten-fold and increasing the available spectrum ten-fold. All this, it said, would need to happen without mobile operators gaining significant revenue increases. Clearly no one is going to pay 1000 times more for their mobile service than they pay today. Therefore the cost per bit will have to come down about 1000-fold over the same period! By 2020 also the mix of connected devices will also have shifted significantly. The population of personal communications tools like smartphones and tablets will have been overtaken by 'the Internet of Things' (IoT): a huge variety of devices from wearables to connected cars.
According to research firm Gartner (2013) , IoT -which excludes PCs, tablets and smartphones -will grow to 26 billion installed units in 2020, representing an almost 30-fold increase from 0.9 billion in 2009.
While many of these devices may not be heavy users of bandwidth, the sheer volume of them will impose a significant signalling load on the networks to which they are connected. It is envisaged that 5G networks will have to handle millions of 'always on' devices in a single cell and devices for which the signalling traffic will consume almost 100 percent of the citation provided bandwidth they use.
What technologies will 5G embody?
Today's 3G and 4G networks were conceived primarily to serve one sort of device: the mobile phone, or a modem that was functionally identical to the data communications capability of the phone. 5G networks will need to serve many different types of devices with widely different requirements and therefore will not adopt a 'one technology fits all' solution.
According to an Ericsson White Paper (2013), today's wide area technologies will continue to evolve to deliver enhanced system performance and more capabilities, but they will be complemented with other technologies for particular use cases that they are ill-suited to addressing. Ericsson says that 5G will be 'a set of seamlessly integrated radio technologies' and that the evolution of LTE will be fundamental to this future, as will the evolution of HSPA and Wi-Fi.
To support the expected orders of magnitude increase in device numbers, base station densities will have to increase massively. Ericsson and other vendors foresee indoor deployments with access nodes in every room and outdoor deployments with access nodes at AUSTRALIAN JOURNAL OF TELECOMMUNICATIONS AND THE DIGITAL ECONOMY, VOLUME 2 NUMBER 1, MARCH 2014 ISSN 2203-1693. Copyright © 2014 The Author(s). http://doi.org/10.7790/ajtde.v2n1.28 3 lamppost distance apart. These devices will have transmission bandwidths possibly of several gigahertz and will operate at frequencies as high as 100GHz.
They are likely to use radio access technologies quite different from those in the macro networks, but will nevertheless be tightly integrated with those macro networks.
Today's cellular networks 'trombone' all traffic to a central switch, even between devices in close proximity. This mode of communication will be neither appropriate nor practicable for communications functions that are primarily only invoked when devices are co-located.
However unlike today's short-range communications technologies -bluetooth and Wi-Fiin 5G this device-to-device communication will use licensed spectrum and will take place under network control to ensure that performance and reliability requirements can be met.
LTE standards are already evolving to cater for device-to-device communications.
Additional spectrum alone is not expected to satisfy the ever-increasing demand for bandwidth. Communications capacity will be further increased by increasing the number of antennas on transmitters and receivers to create more signal paths, by exotic advanced modulation techniques and by full duplex communications technologies in which the same spectrum is used simultaneously for transmit and receive functions. (Today's cellular technologies either use different frequencies for transmit and receive or transmit and receive on the same frequencies at different times).
According to a recent ZTE White Paper (2014) research is focussed on new coding and modulation schemas and multiple access techniques. In the area of multiple access, major research efforts include NOMA (non-orthogonal multiple access) and FTN (Faster-ThanNyquist) . Research on receivers has focused on the development of new waveforms that support MIMO (multiple-input and multiple-output), and full duplex techniques with shortened TTl (transmission time interval) radio links. Other new techniques such as software-defined air interface are expected to enable future networks to use multiple radio access technologies and multiple frequencies simultaneously. These disparate radio technologies, the need to support many different types of devicesincluding devices that communicate directly with each other but under network control -and the need for a network that is 'user aware' will place massive demands on the core switching and processing resources of future networks. The new technologies of software defined networking and network functions virtualisation will be called on to meet these demands and networks will transition to an intelligent cloud architecture.
This network cloud will coordinate the disparate types of network resources, manage interradio access technology, inter-frequency and inter-site radio access and interference cancellation to deliver improved network performance, especially at the cell edge. Intelligent cloud technologies will also be needed to provide spectral agility for 5G networks.
Work is already underway on global harmonisation of future mobile spectrum, but the regional diversity of LTE spectrum -there are more than a dozen different bands -shows just how hard this will be (Wikipedia 2014 ).
According to Huawei (2013) , to maximise spectrum efficiency, spectrum access and programmable air interface technologies will be needed that are capable of mapping service requirements to the best suitable combinations of frequency and radio resources. The continuing deep integration of SDN and cloud architecture technologies will help realise this, Huawei suggests that these technologies will: facilitate the on-demand customisation of mobile networks to ensure QoS, reduce energy consumption and enable operators to maximise the value of their network investments Much of the focus of 5G research is on reducing latency and while latency will clearly always be limited by the speed of light, this only becomes significant when accessing distant resources (light travels about 300km in one millisecond); many of the applications envisaged for 5G will operate over much shorter distances, so the limiting factors will be network switching and processing times.
Huawei talks of 'faster than thought' speeds (ie minimal latency), so fast that 'the apparent distance between connected people and connected machines will shrink to a virtual "zero distance" gap.' It suggests that 'instant immediacy' in mobile services will support the proliferation of whole new set of mobile apps that push the capabilities of communications beyond what is currently possible.
How is 5G being developed?
Despite the countless adverts for '4G' mobile phones and services there are very few 4G mobile networks in commercial operation. Long Term Evolution (LTE), the technology now almost universally referred to as '4G', is no such thing according to the official rankings of mobile technologies. That term is reserved for LTE Advanced (LTE-A).
The marketeers managed to blur the boundaries between 3G and 4G and sow confusion.
They are likely to do so to a greater extent with 5G because, unlike the definition of LTE-A as 4G, there is yet no clear and unambiguous definition of a standard for 5G, only a general consensus on its required performance, some of the technological advances that will be needed to achieve that performance and the functionality it will be required to deliver. The general view seems to be that commercial 5G networks will start to appear around 2020.
Nevertheless the marketeers are already on the 5G bandwagon, seeking the kudos of 5G 5 release claiming that it had successfully developed technology that 'sits at the core of 5G mobile communications system and will provide data transmission up to several hundred times faster than current 4G networks.'
As a PR exercise it was hugely successful. A Google search on '5G' and 'mobile' made shortly after the announcement produced a near monopoly of references to Samsung in the top 100 hits.
ITU: from 3G to 5G
The ultimate arbiter of 3G and 4G mobile technology standards to date has been the International Telecommunication Union (ITU). It has developed sets of requirements for mobile telecommunications systems since the 1970s, and then approved technologies and standards developed by other organisations that met these requirements, along with the frequencies in which these operate.
Thus in 1998 the organisation announced that it was 'working on one of its most ambitious projects ever: a federation of systems for third generation mobile telecommunications that will provide wireless access to the global telecommunication infrastructure . . . In can be argued that WirelessMAN-Advanced was an evolution of the earlier IEEE802.16
WiMax technology and has gained very little market traction compared to LTE-A.
The ITU is adopting a similar approach for 5G but, given the number of other initiatives already underway and the ITU's relatively late start, it seems unlikely that it will play such a central role. 
Asian players on the rise
The ITU's role aside, the evolution of 5G will be significantly different from that of 3G and 4G thanks to the rising power of Asia, particularly China, both as a market and as a source of technology.
Research firm IHS (2014) 
UK creates 5GIC
In the UK, 5G research is centred on 5GIC, an initiative of the Centre for Communication A new purpose built facility to house the 5GIC is being built on the University of Surrey's main campus. It is expected to be completed in January 2015 and will be home to 150 researchers and around 100 PhD students. The main objective of METIS is to lay the foundation for, and to generate a European consensus on, future global mobile and wireless communications system. In a press release the EU said: 'The METIS overall technical goal is to provide a system concept that supports: 1000 times higher mobile data volume per area: 10 times to 100 times higher number of connected devices; 10 times to 100 times higher typical user data rate; 10 times longer battery life for low power machine-to-machine-communications; five times reduced end-toend latency.' Metis' specific goals are much more modest. It aims to 'provide valuable and timely contributions to pre-standardisation and regulation processes, and ensure European leadership in mobile and wireless communications.' It hopes to achieve these goals by April 
EU's 5G PPP and METIS 5G initiatives

Intel leading US 5G co-operation
In contrast to the activity in Europe and Asia, 5G research co-operation in the US appears to be minimal and lead not by any government body but by one company, Intel.
Intel's initiative is modest ($US3m only) and appears to be the only one of its kind (Gigacom 2013 ). Moreover, Intel seems to be keeping its initiative fairly low-key. The only information it has put out is two blog posts, one short post (Intel 2013a) in July 2013 announcing the initiative, and a second with rather more detail (Intel 2013b) that lists the goals of the project.
Intel said it would invest at least $US3 million to support wireless research at more than 10 universities around the world including Stanford University, ITT Delhi and Pompeu Fabra University in Barcelona. Research topics will include how to improve quality of service via context awareness, wireless device power efficiency and enabling new radio spectrum.
The initiative, named as an Intel Strategic Research Alliance, includes industry partner
Verizon, but Intel has given no details of Verizon's involvement. The NGMN said that its board -CTOs from 19 leading international operators -has made a decision to focus the future NGMN work programme on defining the end-to-end requirements for 5G, in recognition of the fact that the scope of 5G extends significantly beyond the radio access layer.
The NGMN Alliance
It said the initiative would deliver key operator requirements to guide the development of future technology platforms and related standards, create new business opportunities and satisfy future end-user needs. It intends to work in close collaboration with all industry partners and other relevant initiatives and within the well-established NGMN processes.
The first major outcome will be an industry white paper to be delivered before the end of 2014 to support the standardisation and subsequent availability of 5G from 2020. NTT Docomo claims to have already demonstrated 10Gbps uplink bandwidth in December 2012 using 400MHz of bandwidth at 11GHz from a moving vehicle (the transmission distance was not specified). It also suggests that latency will be reduced to 1mS from the 5mS of LTE. Some 5G researchers have ambitions well beyond 10Gps: infinite capacity, or at least the perception of it. This is the stated goal of the UK's 5GIC research centre at the University of Surrey. According to Rahim Tafazolli, head of the University's Centre for Communication Systems Research, a rate that is always sufficient to meet the user's needs would create the perception of infinite capacity.
There has to date been relatively little discussion about the economic benefits that might accrue from widespread deployment of 5G. A 2012 study undertaken by Deloitte and the GSMA (Deloitte 2012) concluded that a doubling of mobile data use would lead to an increase of 0.5 percentage points in the GDP per capita growth rate across the 14 countries studied and that countries with a higher level of data usage per 3G connection had seen an increase in their GDP per capita growth of up to 1.4 percentage points.
The most intriguing suggestions about what 5G will mean are not directly related to speed and latency, nor to economic benefits but rather centre on an as yet only vaguely defined idea of network intelligence. Tod Sizer, wireless research leader at Alcatel-Lucent's Bell Labs, in a blog post points out that, by the time 5G arrives, it is likely that fixed line telephony will be just about dead and that 5G will be 'THE communication of the future and not just the wireless radio solution' (Sizer 2014). Therefore, he says: 'There are two major improvements that we need to bring to communications: flexibility to tailor the network to the application, the person, where they are, and what their needs might be; and to optimise the full end-toend performance between a user and the person or application with which they are communicating.'
A child of today, in her twenties in the next decade, will, he says, expect 'a network that adapts to her, rather than forcing her to adapt to the network, and with a performance that is seamless and always meets her expectations, wherever she happens to be.' will be focused on user experience, rather than simply increasing network capacity. ... In 12 order to deliver improved user experience, 5G researchers need to develop new user-centric service provisioning models that are informed by usage and service patterns. Acquiring deeper insights about users will enable researchers to formulate key performance indicators (KPls) for 5G networks that will drive order-of-magnitude improvements in network capacity, bandwidth maintenance, peak data rate, latency reduction and high-accuracy indoor location monitoring. ... Users will expect consistent on-demand access to services including office applications, social networking tools, e-commerce and online financial services platforms.'
The marketeers are clearly going to have a field day with this. In fact they already have. This quote is from a videoproduced by US telco Sprint: Frequency usage is a different matter. 5G is much less confined to particular bands of radio spectrum than its predecessors. Figure 1 (courtesy of Ericsson) shows which different bands of frequencies are likely to be utilised by 5G, from 300 MHz to 300 GHz, in different service applications. The industry is talking of having commercial 5G networks in operation in six years, and there are no standards yet in sight. Also, arguably, the technology advances needed to achieve the goals of 5G will be greater than those that underpinned the evolution from 3G to 4G.
In other words, while 5G might seem to be too far in the future for anyone outside of its narrow specialism to be giving it much attention, that situation will change within a couple of years.
If all goes to plan the mobile industry will deliver the super-smart 5G network with near-zero latency and 'infinite' capacity that adapts to the users' needs, but it will most likely be entrepreneurial and creative individuals who come up with ways to exploit these features, grow new industries and disrupt others. So it's probably not too early for some of the thinking behind 5G to be reaching a wider audience.
It's possible that the industry will fail to achieve the technical goals it has set for 5G but also a failure to achieve consensus on standards would be a significant setback.
Already two camps are emerging: one Asia-based and one Europe based with the global vendors in both camps. Ideally these will come together to create truly global standards, minimising costs through larger volumes and maximising the rate of innovation.
However markets in Asia will be large enough to 'go-it-alone', and they have done so in the past. Japan had its own 2G standard, PDC, which at its peak had 80 million users (Wikipedia 2014b) . China developed its own 3G technology, TD-SCDMA, with some success. It was adopted by the dominant 2G era operator, China Mobile, which by early 2013 had 100 million users. However this technology choice has been blamed for the loss of its market lead over other telcos that had adopted the global 3G standards (techinasia 2013).
